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(57) A method of Si anisotropic etching makes it 
possible to relax the restrictions imposed upon the 
processing configuration of an Si substrate provided 
with the <100> plane orientation. This Si anisotropic 
etching method can be preferably used for the forma- 
tion of the ink supply opening of an ink jet head, for 
example. When an Si material (Si substrate) having the 
(100) crystal plane orientation is processed by this ani- 
sotropic etching method, II is arranged to give heat 
treatment to such Si material in advance before etching. 
Thus, the processed section can be obtained in a bent 
configuration formed by the two <1 1 1 ) planes of crystal 
plane orientation. Therefore, the etching initiation sur- 
face is made smaller than that needed for the conven- 
tional art even when the same width should be obtained 
for a penetrating process, hence making a chip smaller 
accordingly for the reduction of costs. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a through hole formation method using the Si anisotropic etching which is useful 
for the formation of an acceleration sensor, the ink supply opening of an ink jet head, or the like, that may require the 
micromachining techniques. 

10 

Related Background Art 

As one of the conventional micromachining techniques, there has been widely adopted the anisotropic etching 
using alkaline solution to process the Si sifcstrate which is provided with the <1 00) crystal plane orientation. This etch- 
15 ing utilizes the difference in the dissolving speeds into the alkaline solution in accordance with the plane orientations. 
More specifically, the etching is in progress in a mode that the plane (111) where the dissolving speed is extremely slow 
is left intact. 

Fig. 5 is a cross-sectional view schematically showing the example of a processed section formed by the conven- 
tional Si anisotropic etching. In Fig. 5, a reference numeral 51 designates an Si substrate; 52, an etching mask; 53, a 

20 (100 > plane; and 54, a <1 1 1 > plane. As shown in Fig. 5, the (1 1 1 ) plane is angled at approximately 55° both to the plane 
orientations of the <1 00) plane 53. As a result, in accordance with the conventional Si anisotropic etching, it is required 
to provide a width of ( X + 2t / tan 55° ) geometrically for the initiation surface of the object to be etched in order to obtain 
a width X of a desired penetration process if the Si substrate 51 having a thickness t should be processed penetratingly, 
for example. There is then a limit to the configuration that may be processed by the adoption of such conventional art, 

25 therefore the process is largely restricted. Also, when such anisotropic etching method is applied to forming the ink sup- 
ply opening of an ink jet head, or the like, for example, this method tends to impede making the chip smaller or present 
hindrance to the post processing of a chip (such as in the die bonding) eventually. 

SUMMARY OF THE INVENTION 

30 

The present invention is designed in consideration of the problems described above. It is an object of the invention 
to provide a through hole formation method using the Si anisotropic etching that relaxes the restrictions imposed upon 
the process configuration by the adoption of the Si anisotropic etching even for the plane having the (1 00 ) orientation, 
as well as to provide a substrate provided with such through hole thereon. 
35 The inventor hereof has found that it is possible to bend the tapered configuration of the processed section of a 
through hole by giving heat treatment in advance before the anisotropic etching is performed on the Si substrate having 
the (100) plane orientation. 

In order to achieve the objects described above, a through hole formation method of the present invention is to form 
a through hole by an anisotropic etching given to an Si material provided with the (100) crystal plane orientation. This 

40 method comprises the step of performing the anisotropic etching subsequent to giving heat treatment to the Si material 
at a temperature of 1 ,000°C or more. 

Also, with respect to a substrate which is provided with a through hole formed by giving an anisotropic etching to 
an Si material having the (100) crystal plane orientation thereon, rt is arranged to bend the tapered configuration of the 
through hole in the section to be processed. 

45 In accordance with the present invention, the (111) plane having an angle of approximately 55° to the (1 00 ) plane 
appears immediately after the etching has begun in the same manner as the conventional art, but with the etching being 
in progress, the (1 1 1 ) plane having an angle of approximately 125° to the (1 00 ) plane appears due to the fact that the 
etching is performed subsequent to having given heat treatment to the Si substrate in advance. Then, with the further 
progress thereof, it becomes possible to bend the tapered configuration of the processed section of the through hole. If 

so it is possible to obtain a processed section in such configuration, the etching initiation surface may be made smaller 
than that needed for the conventional art even for the same width that should be obtained by a penetrating process. 
Hence, a chip can be made smaller accordingly. Strictly speaking, it is still unknown why the (1 1 1 ) plane having an 
angle of 125° appears rf the heat treatment has been given to the Si substrate, but conceivably, it is based upon an 
action related to the oxygen contained in the Si substrate. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A, 1 B, 1 C and 1 D are cross-sectional views which schematically illustrate the anisotropic etching in accord- 
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ance with the present invention, which is in progress as the time elapses. 

Fig. 2 is a cross-sectional view which shows one process of the etching schematically in accordance with a first 
embodiment to a third embodiment of the present invention. 

Fig. 3 is a cross-sectional view which shows one process of the etching schematically in accordance with the first 
5 embodiment to the third embodiment of the present invention. 

Fig. 4 is a cross-sectional view which shows a part of the ink jet head manufactured in accordance with a fourth 
embodiment of the present invention. 

Fig. 5 is a cross-sectional view schematically showing the example of the processed section formed by the conven- 
tional Si anisotropic etching. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the description will be made of the preferred embodiments in accordance with the present invention. 

At first, an Si substrate (an Si material in the form of a substrate) having the (100) plane orientation is prepared. 
15 For this Si substrate, it is possible to use various kinds of Si conventionally known. However, it is particularly preferable 
to use the one having its oxygen concentration of 10E17 (10 x 10 17 ) (atoms/cm 3 ) or more. It is more preferable to use 
the one having the oxygen concentration of 12E17 (atoms/cm 3 ) or more. 

Then, this Si substrate 1 is heated in advance before it is etched. The heating condition thereof should be made 
appropriately so that in the anisotropic etching process to follow, the (1 1 1 > plane of approximately 125° appears with 
20 respect to the (100) plane, and that the tapered configuration of the processed section of the through hole should be 
bent lastly. The temperature of such heat treatment Is preferably be 1 ,000°C or more. More preferably, it is 1 , 1 00°C to 
1 ,300°C. The heating period depends on the temperature of the treatment, but preferably, the period is usually 60 min- 
utes or more. 

After this heat treatment the anisotropic etching is performed. Figs. 1 A to 1 D are cross-sectional views schemati- 
cs cally showing the anisotropic etching being in progress as the time elapses. At first, as shown in Fig. 1 A, an etching 
mask 2, which is formed by a dielectric film (Si0 2 , StN) or the like having a desired pattern thereon, is formed on the 
reversed side of the Si substrate. Then, the anisotropic etching is performed using alkaline solution. As this alkaline 
solution, it is possible to use various kinds of alkaline solutions which are conventionally known. For example, water 
solution (concentration 22%) of tetramethyl ammonium hydro-oxide or the like can be used preferably. The temperature 
30 is preferably 60°C to 1 00°C at the time of etching. 

With the performance of this etching, the (1 1 1 > plane 4 appears at first at an angle of approximately 55° (01) to the 
etching initiation plane (the (100) plane), as shown in Fig. 1B, immediately after the anisotropic etching has begun in 
the same way as the conventional art. Then, as shown in Fig. 1C, with the anisotropic etching being in progress, the 
<1 1 1 > plane 5 appears at an angle of 125° (82) to the etching initiation plane 3. Lastly, as shown in Fig. 1 D, the proc- 
35 essed section is obtained in the bent configuration having a height t1 from the etching initiation plane to a portion where 
the (111) plane 4 and the (111) plane 5 intersect each other. Here, the dotted lines shown in Fig. 1 D indicate the proc- 
essed configuration (the conventional example) obtainable without giving any heat treatment to the Si substrate. 

In accordance with the present invention, the processed section provided with the bent configuration is different 
from the one indicated by the dotted lines in Fig. 1 D formed only by the inclined surfaces each having a fixed angle in 
40 the direction in which the processed width becomes narrower. Here, as indicated by the solid lines in Fig. 1 D, the bent 
configuration means the one which is provided with the inclined surfaces (that is, the (1 1 1 > plane 5 having a tapered 
angle of approximately 125°) each in the direction where the processed width becomes wider from the etching initial 
plane until it presents the desired height of t1 , while the portions that exceed the height t1 are provided with the inclined 
surfaces (that is, the (1 1 1 ) plane 4 having a tapered angle of approximately 55°) each in the direction in which the proc- 
45 essed width becomes narrower as in the conventional example. 

Although it is still unknown why the (111) plane 5 appears at an angle of approximately 125° if the heat treatment 
is given, there is conceivably a close relationship between the appearance of this plane and the oxygen concentration 
in the Si substrate 1 . In other words, in accordance with the findings made available for designing the present invention, 
this phenomenon becomes more conspicuous when the Si substrate used therefor has its oxygen concentration of 
so 10E17 (atoms/cm 3 ) or more. Also, the height t1 shown in Fig. 1 D changes in accordance with the changes in the heat- 
ing temperatures of the heat treatment: the higher the heating temperature, the larger becomes the height at the t1 . 

(Embodiments) 

55 Now, hereunder, the description will be made of the present invention more in detail in accordance with the embod- 
iments thereof. 
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[Embodiments 1 to 3, and the Comparative Example 1] 

At the temperatures shown in Table 1 given below, the respective heat treatments are given to the Si substrates 
each provided with the <100> plane orientation (in a thickness of 625 \im with the oxygen concentration of 14E17 
5 atoms/cm 3 ). Then, as shown in Fig. 2, SiN film is formed using plasma CVD, and patterning is performed only on the 
reverse side thereof to produce an anisotropic etching mask 2. After that, the anisotropic etching is given to the respec- 
tive Si substrates at 80°C using water solution of TMAH (tetramethyl ammonium hydro-oxide) 22 wt% as alkaline etch- 
ing solution. As a result, the processed section is formed in the Si substrate 1 as shown in Fig. 3 in a bent configuration 
having different (111) planes 4 and 5. In the Table 1 given below, there are listed the heights t1 from the etching initia- 
te tion surface to the portions (bent portions) where the <1 1 1 > plane 4 and the (111) plane 5 intersect each other in this 
processed section. 



Table 1 





Heating condition 


t1 


Embodiment 1 


1,000°C 


10 jim 


Embodiment 2 


1,150°C 


50 urn 


Embodiment 3 


1,250°C 


80 urn 


Comparative example 1 


none 


0 urn 



As understandable from the Table 1 , it is possible to control the processed configuration by giving heat treatment 
25 to the Si substrate with an appropriately set heating temperature. 

[Embodiment 4] 

For the present embodiment, the Si anisotropic etching formation method of the present invention is utilized to form 
30 the ink supply opening of an ink jet head, which is exemplified as shown in Fig. 4. 

On the Si substrate (thickness t: 625 urn; oxygen concentration: 14E1 7 atoms/cm 3 ) which is thermally treated at a 
temperature of 1 ,250°C in advance, there are formed ink discharge energy generating devices 6, nozzles 7, and an ani- 
sotropic etching mask 2. Then, with the same anisotropic etching as used for the embodiments 1 to 3, an ink supply 
opening 8 is formed. 

35 With this ink jet head, each of the ink droplets 9 is discharged in the direction indicated by an arrow in Fig. 4. For 
the present embodiment, the t2 = 80 um, and the x1 = 140 jim. The dimension (x2) of the mask 2 is geometrically 
x2 = x1 + (625/tan 55° - 80 * 2/tan 55°) . Therefore, the x2 = 791 *im. In practice, however, the side etching of 100 
takes place on one side when the anisotropic etching is performed. As a result, x2 = 791 - 100 * 2 = 591 urn for the 
present embodiment 

40 Now, on the other hand, if it is assumed that no heat treatment is given (as in the conventional example), the mask 
width x2 should be made equal to 81 5 \w\ (that is, 1 ,01 5 urn without any consideration given to the side etching) in order 
to make the x1 = 140 \im. In other words, with the heat treatment thus arranged for the present embodiment, the 
required width of opening on the reverse side is reduced by approximately 220 nm, hence making the chip smaller for 
the attainment of the cost reduction. 

45 In this respect it is possible to use without any particular restrictions the ink discharge energy generating devices 
6, nozzles 7, and any other conventional members that may constitute an ink jet head when the ink jet head is manu- 
factured in accordance with the present embodiment. 

Now, in accordance with the present invention described above, the tapered configuration of the processed section 
of the through hole can be bent with the performance of the anisotropic etching on the Si substrate having the (100) 

so plane orientation thereon, in this manner, it becomes possible to relax the restrictions imposed upon the configuration 
if it should be processed by the conventional art. Also, when this anisotropic etching method is utilized fa the formation 
of the ink supply opening of an ink jet head, for example, the chip can be made smaller to reduce the costs accordingly. 

A method of Si anisotropic etching makes it possible to relax the restrictions imposed upon the processing config- 
uration of an Si substrate provided with the <100 > plane orientation. This Si anisotropic etching method can be prefera- 

55 bly used for the formation of the ink supply opening of an ink jet head, for example. When an Si material (Si substrate) 
having the (100) crystal plane orientation is processed by this anisotropic etching method, it is arranged to give heat 
treatment to such Si material in advance before etching. Thus, the processed section can be obtained in a bent config- 
uration formed by the two (111 ) planes of crystal plane orientation. Therefore, the etching initiation surface is made 
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smaller than that needed for the conventional art even when the same width should be obtained for a penetrating proc- 
ess, hence making a chip smaller accordingly for the reduction of costs. 

Claims 

1. A through hole formation method for forming a through hole by an anisotropic etching given to an Si material pro- 
vided with the (100) crystal plane orientation, comprising the step of: 

performing said anisotropic etching subsequent to giving heat treatment to said Si material at a temperature of 
1,000°Cor more. 

2. A through hole formation method according to Claim 1, wherein the oxygen concentration of said Si material is 
10E1 7 (atoms/cm 3 ). 

3. A through hole formation method according to Claim 1 , wherein said through hole is an ink supply opening of an 
ink jet head. 

4. A substrate provided with a through hole formed by giving an anisotropic etching to an Si material having the 
(100) crystal plane orientation thereon, 

the tapered configuration of said through hole being bent in the processed section. 

5. A substrate provided with a through hole according to Claim 4, wherein the processed section of said through hole 
is formed by two (1 11 > planes of crystal plane orientation. 

6. A substrate provided with a through hole according to Claim 5, wherein said through hole is an ink supply opening 
of an ink jet head. 
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FIG. 2 t=625//m 




FIG. 3 t=625/.m 



FIG. 4 
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